We have examined 40 NuSTAR light curves (LCs) of five TeV emitting high synchrotron peaked blazars: 1ES 0229+200, Mrk 421, Mrk 501, 1ES 1959+650 and PKS 2155−304. Four of the blazars showed intraday variability in the NuSTAR energy range of 3-79 keV. Using an auto correlation function analysis we searched for intraday variability timescales in these LCs and found indications of several between 2.5 and 32.8 ks in eight LCs of Mrk 421, a timescale around 8.0 ks for one LC of Mrk 501, and timescales of 29.6 ks and 57.4 ks in two LCs of PKS 2155-304. The other two blazars' LCs do not show any evidence for intraday variability timescales shorter than the lengths of those observations; however, the data was both sparser and noisier, for them. We found positive correlations with zero lag between soft (3-10 keV) and hard (10-79 keV) bands for most of the LCs, indicating that their emissions originate from the same electron population. We examined spectral variability using a hardness ratio analysis and noticed a general "harder-when-brighter" behavior. The 22 LCs of Mrk 421 observed between July 2012 and April 2013 show that this source was in a quiescent state for an extended period of time and then underwent an unprecedented double peaked outburst while monitored on a daily basis during 10 -16 April 2013. We briefly discuss models capable of explaining these blazar emissions.
INTRODUCTION
Blazars are the subclass of active galactic nuclei (AGN) understood to have relativistic jets pointing close (≤ 10 • ; Urry & Padovani (1995) ) to line of sight of the observer and their spectra are dominated by nonthermal radiation coming from the jets. Blazars are classically classified on the basis of the presence or absence of emission lines in their optical spectra: BL Lacertae (BL Lac) objects have no, or very weak, emission lines (EW < 5Å) (Stocke et al. (1991) ; Marcha et al. (1996) ), while flat spectrum radio quasars (FSRQs) have strong broad emission lines. The spectral energy distributions (SEDs) of blazars have two broad bumps, which leads to another classification as low synchrotron peaked (LSP), intermediate synchrotron peaked (ISP), or high synchrotron peaked (HSP) blazars. The first (low energy) peak lies in the infrared to optical region in LSPs (comprised of FSRQs and low-frequency peaked BL Lac objects, or LBLs) and in the far ultraviolet to X-ray energies in HSPs (high-frequency peaked BL Lac objects, or HBLs). The second (high energy) bump is in the gamma-ray band, peaking at GeV energies in LSPs and at TeV energies in HSPs. Abdo et al. (2010) classified LSPs, ISPs and HSPs on the basis of their synchrotron peak frequency, ν s , as having ν s ≤ 10 14 Hz, 10 14 Hz < ν s < 10 15 Hz, and ν s ≥ 10 15 Hz, respectively. It is well accepted that the low-energy peak is due to synchrotron emission from ultra-relativistic electrons in the jet. The physical origin of the high-energy peak is still under some debate and both leptonic and hadronic models have been proposed to explain it. In the generally favored leptonic models the high-energy peak is attributed to the inverse-Compton scattering of either synchrotron or ambient photons by the same relativistic electrons responsible for the synchrotron emission, while hadronic models attribute the gamma-ray peak to the direct proton and muon synchrotron radiations (e.g. Böttcher (2007) ).
Blazars emit radiations at all observable wavelengths from radio to very high energy (VHE) gamma-rays and exhibit rapid and strong flux variability on different timescales ranging from few tens of seconds to years. Blazar variability timescales are often classified as: intra-day variability (IDV), also called microvariability or intra-night variability for detectable changes seen to occur over less than a day (Wagner & Witzel 1995) ); short term variability (STV) for fluctuations over a few days to a few months; and long term variability (LTV) for changes seen over longer periods (Gupta et al. 2004) ).
The Nuclear Spectroscopic Telescope Array (NuS-TAR) is the first X-ray telescope that observes in throughout the critical energy range of 3-79 keV (Harrison et al. 2013) . It has two co-aligned hard X-ray grazing incidence telescopes and two independent solid state focal plane detectors, referred to as the Focal Plane Module A (FPMA) and Focal Plane Module B (FPMB), which were designed to have identical detection efficiencies. NuSTAR has an angular resolution (FWHM) of 18 arcsec and a good energy resolution (FWHM) of 400eV at 10 keV and 900 eV at 60 keV. There is no photon pile-up problem as these detectors do not make use of integrating CCD readouts; hence, it is particularly good for timing analyses. Thanks to its unprecedented sensitivity in the hard X-ray band, NuSTAR can be particularly helpful in providing understanding of the high energy radiation mechanism, as this band is near where the first and second bumps in the SED intersect in HSPs.
Until 2005, only 6 TeV HBLs (Mrk 421, Mrk 501, 1ES 1426+428, 1ES 1959+650, PKS 2155−304, and 1ES 2344+514) were known. Thanks to the discovery of HBLs over the last decade by the Fermi satellite and several ground-based very high energy (VHE) γ−ray facilities (e.g.
HESS (High Energy Stereoscopic System), MAGIC (Major Atmospheric Gammaray Imaging Cherenkov Telescopes), VERITAS (Very Energetic Radiation
Imaging Telescope Array System), etc.), γ−ray blazar astronomy has undergone a revolution. Gupta & Joshi (2005) performed a statistical analysis of the optical IDV for various classes of AGNs and reported that LBL blazars show IDV during ∼ 60-65% of nights if observed continuously for less than 6 hours but this fraction rises to ∼ 80-85% if observed for more than 6 hours. In a pilot search for optical IDV of HBLs, (Gaur et al. 2012a,b,c) , found that of the 144 LCs they measured, only 6 (∼ 4%) showed IDV, a significantly smaller fraction than for LBLs. A study of the soft Xray IDV of LBLs (Kalita et al. 2015; Gupta et al. 2016a) found that out of 50 IDV LCs only 2 (∼ 4%) showed IDV. On the other hand, HBLs are highly variable in soft X-rays, e.g. (Gaur et al. 2010) , so these classes of blazars exhibit very different behaviors in the optical and X-ray bands.
The most puzzling aspect of the flux variability of blazars is on IDV timescales and an examination of these changes in the unexplored hard X-ray band provides the main motivation for this work. We focus on those blazars that show emission at the highest energies, the HBL TeV blazars. There are a total of 61 TeV blazars 1 known at the time of writing, of which 47 are HBLs, 8 are IBLs, 1 is an LBL and 5 are FSRQs. Of the 47 TeV HBLs, NuSTAR had observed only five of them for a total of 43 pointed observations. We reduced all the available archival data for these objects to produce LCs and then used auto correlation function (ACF) analyses to search for possible timescales of variability in the NuSTAR LCs of these five TeV HBLs. The extensive data taken on Mrk 421 gave us the additional opportunity to look at its STV.
The outline of the paper is as follows. We briefly describe the data selection criteria and the data reduction method in section 2 and discuss the techniques used to search for flux and spectral variability properties in section 3. In section 4, the results are given. A discussion and our conclusions are given in sections 5 and 6, respectively.
NUSTAR DATA SELECTION AND PROCESSING

Data Selection Criteria
We have examined the emission of all of the five TeV HBLs observed by NuSTAR: 1ES 0229+200, Markarian (Mrk) 421, Mrk 501, 1ES 1959+650 and PKS 2155−304. This gave us a new opportunity to study the variability nature of these blazars in hard X-ray energies. In order to search for IDV we only selected observations for which the good exposure times exceeded 5 ks. We downloaded all 43 data sets publicly available from the HEASARC Data Archive 2 , and our minimum temporal constraint yielded 3 observations for 1ES 0229+200, 22 for Mrk 421, 4 for Mrk 501, 2 for 1ES 1959+650 and 9 for PKS 2155−304. These 40 observations were made between 7 July 2012 and 22 September 2014 and the good exposure times ranged from 5.76 ks to 57.51 ks. The observing log of NuSTAR data for these five TeV blazars is given in Table 1 .
Data Reduction
We reduced and analyzed the NuSTAR data using HEASOFT 3 version 6.17 and CALDB version 20151008. We used the standard nupipeline script to generate calibrated, cleaned and screened level 2 event files. Each source LC is then extracted, using the nuproducts script, from a circular region centered at the source. We em- 
30
′′ ploy a circular background region that is selected to be both relatively close to the source but also far enough away to be free from contamination by the source. The radii of the source and background regions for our five TeV HBLs are listed in Table 2 . Since NuSTAR has two co-aligned and nearly identical detectors, FPMA and FPMB, their count rates are background-subtracted and summed to generate the final light curves. We used a bin size of 5 minutes to extract the finer binned light curves. This sampling interval is similar to those employed in most ground-based optical IDV studies of AGN.
3. ANALYSIS TECHNIQUES
Excess Variance
Blazars are known to exhibit rapid and strong flux variations on diverse timescales across the complete electromagnetic spectrum. The strength of this variability is often quantified by calculating the excess variance, which is a measure of a source's intrinsic variance. The excess variance is calculated by subtracting the variance arising from measurement errors from the total variance of the observed LC. If a LC consisting of N measured flux values, x i , contains corresponding finite uncertainties σ err,i arising from measurement errors, then the excess variance is calculated (e.g., Vaughan et al. (2003) 
where σ 2 err is the mean square error, given by,
The quantity S 2 is the sample variance of the LC, and is given by
wherex is the arithmetic mean of x i . The normalized excess variance is σ 2 N XS = σ 2 XS /x 2 and the fractional rms variability amplitude, F var , which is the square root of σ 2 N XS , is thus
The uncertainty on F var is given by (e.g., Vaughan et al. (2003) )
Discrete Correlation Functions
The advantage of using a Discrete Correlation Function (DCF) over a classical correlation function is that it can be applied to unevenly sampled data sets, as are typical of astronomical observations and as we have here, without interpolating between data (Edelson & Krolik 1988) . The DCF is calculated in the following fashion. First, we calculate the set of unbinned discrete correlations for two discrete data sets x and y (e.g. Gaur et al. (2015) ) as
where x i and y j are the data points,x andȳ are their means, and σ x and σ y are their standard deviations, respectively. Each of these is associated with the pairwise lag ∆t ij = t j − t i . After calculating the UDCF, the correlation function is binned in time. The method does not automatically define a bin size so one must investigate several values for this parameter. If the bin size is too large, information is lost but if the bin size is too small, we can get spurious correlations, and the time scales may be difficult to interpret. Simulations conducted by Edelson & Krolik (1988) suggest that the results depend only weakly on the choice of bin size. After binning, the DCF can be calculated by averaging the UDCF values (M in number) for which τ − ∆τ /2 ≤ ∆t ij < τ + ∆τ /2 as,
Edelson & Krolik (1988) defined the standard error for each bin as
In general, a positive DCF peak means that the two data signals are correlated, while a negative DCF peak means that he two data sets are anti-correlated, but no DCF peak, or DCF = 0, means that no correlation exists between the two data sets. When correlating a data series with itself (i.e., x = y), we obtain the autocorrelation function (ACF) with an automatic peak at τ = 0, indicating the absence of any time lag. For an ACF any other strong peak can indicate the presence of periodicity, but strong dips provide an indication of the presence and value of a timescale in the data (Rani et al. 2011 ).
Hardness Ratio
To examine the spectral variability of the NuSTAR X-ray emission from the five TeV HBLs, we split the LCs into two energy bands: a soft band from 3-10 keV and a hard band from 10-79 keV. We then computed the hardness ratio (HR) as
where H and S are the net count rates in the hard (10-79 keV) and soft (3-10 keV) bands, respectively. The hardness ratio is a commonly used and simple modelindependent method to study spectral variations. We examined variations of the HRs with time to search for spectral changes over this broad X-ray band.
4. RESULTS
1ES 0229+200
The BL Lac object 1ES 0229+200 (α 2000 = 02h32m53.2s; δ 2000 = +20
• 16 ′ 21 ′′ ) is a HBL at z = 0.1396 (Woo et al. 2005) .
Recently, Cologna et al. (2015) reported flux variability at VHE on monthly and yearly timescales by studying long-term observations of 1ES 0229+200 (from 2004 to 2013) with H.E.S.S. and also found a hint of correlation between X-ray and VHE emissions.
NuSTAR observed 1ES 0229+200 for 16.26 ks, 20.29 ks and 18.02 ks on 2013 October 2, 5, and 10, respectively. These LCs and their ACFs are plotted in Figures 1a, and 3a, respectively. The count rates are low and the data noisy, so all fractional variances are consistent with no detectable variability on any of those days in the entire 3-79 keV energy band. But variations in hard and soft bands are nominally seen on 2013 October 2 and 10, respectively. Unsurprisingly, the ACFs show no hint of an IDV timescale in the NuSTAR range.
The soft and hard LCs (left panel), HR plots (middle panel) and the DCF plots between soft and hard band (right panel) of 1ES 0229+200 are shown in Fig. 2a . No significant spectral changes are seen from the HR plots in any of the three observations. Naturally, given the lack of significant variations, the DCF plots are all flat and consistent with 0 throughout.
Mrk 421
Markarian 421 (Mrk 421; α 2000 = 11h04m19s; δ 2000 = +38
• 11 ′ 41 ′′ ), is one of the nearest (z = 0.031) BL Lac objects, and was the first extragalactic object detected at TeV energy (Punch et al. 1992) . It is classified as an HBL because its synchrotron peak lies at soft X-rays.
Mrk 421 is highly variable at all timescales over the entire electromagnetic spectrum and has been extensively studied during its flaring states (e.g. Takahashi et al. (1994) ; Kerrick et al. (1995) ; Takahashi et al. (1995) ; Fan & Lin (1999) (2014)). In the optical region variations of 4.9 mag were found over the course of several years (Stein et al. 1976 ). In the spring to summer of 2006, a major flare was recorded with the flux reaching up to ∼ 8.5 mCrab in the 2.0-10.0 keV energy range (Tramacere et al. (2009); Ushio et al. (2009) ). In 2010 January and February, strong X-ray flares were detected, with the maximum flux recorded to be 120 ± 10 mCrab and 164 ± 17 mCrab respectively, with the latter being the largest ever reported from the source (Isobe et al. 2015) . In 2012 and 2013, Mrk 421 displayed two flares (Hovatta et al. 2015) and the gamma-ray flare in 2012 was observed without a simultaneous X-ray flare, a behaviour called an 'orphan flare' (Fraija et al. 2015) . Due to its variable nature at all wavelengths and its proximity, it has been studied in several multi-wavelength observational campaigns (e.g. Recently, Sinha et al. (2016) reported on a long-term study of Mrk 421 with the High Altitude Gamma Ray (HAGAR) telescope array at Hanle, India, and found strong correlations between the gamma and radio wavelengths and between the optical and gamma wavebands, but saw no correlation between gamma and X-ray emissions. They also saw that the variability depends on energy, being maximum in X-ray and VHE bands.
Mrk 421 was first observed with NuSTAR twice during July 2012 as part of the calibration process for the telescope. It was then observed many times in January -April 2013 as part of an extensive and intensive multi-wavelength campaign that involved simultaneous or quasi-simultaneous data obtained in the radio, optical, soft X-ray, hard X-ray, and GeV through TeV gamma-ray bands (Baloković et al. 2016) . The results of the first part of this study, covering the the lowflux state (in January -March 2013) were reported by Baloković et al. (2016) and Kataoka & Stawarz (2016) . Paliya et al. (2015) presented a variability analysis and Sinha et al. (2015) presented analysis of the spectral variations during the strong flaring state seen in April 2013 using this NuSTAR data.
The IDV LCs of Mrk 421 that we have re-reduced and plotted in Fig. 1 during every one of the 22 observations. Our overall fractional variability amplitudes (F var ) given in Table 3 confirm these impressions and thus echo the results of Baloković et al. (2016) and Paliya et al. (2015) in this regard. The fractional variability values for soft and hard bands, given in Table 3 , indicate that the variability in the hard band is stronger than that in the soft band for 19 out of 22 observations. The complete LC obtained from our analysis of the NuSTAR data from Mrk 421 is shown in Fig. 4 . Very strong flares were seen while the source was monitored nearly continuously during 2013 April 10 -16 (Paliya et al. 2015) . The unprecedented outburst during this period is marked with a box in Fig. 4 and we have plotted a zoomed version of that box as an inset to the same figure. This is a double peaked outburst in which the first flare appears to have a nearly a Gaussian shape with peak flux at ∼ MJD 56395 while the second one, occurring two days later, is even stronger, and evinces a very sharp rise and decay. The LCs in soft and hard bands (left panel), hardness ratio plots (middle panel) and the DCF plots (right panel) are shown in Figs. 2a, 2b, 2c , and 2d. The variations of hardness ratio with time show clear features of spectral changes that are stronger during flares. The spectra harden with the increasing flux, providing evidence for a general "harder when brighter" behavior of blazars. Similar X-ray variability behavior was already seen in XMM-Newton observations (e.g. Brinkmann et al. (2003) ; Ravasio et al. (2004) ) and in NuSTAR observations (e.g. Paliya et al. (2015) ; Baloković et al. (2016)) of Mrk 421. As can be seen from DCF plots, the soft and hard bands are positively correlated with zero time lag, indicating that their emissions come from the same emitting region at the same time.
The ACFs of Mrk 421 are plotted in Fig. 3 , and 8 of them show structures indicative of timescales. The dates on which observations began for which these structures were seen in the ACFs are 2013 January 2, 10 and 15, 2013 February 6, 2013 March 17, and 2013 April 2, 13 and 18, and the corresponding putative "timescales", which range from 2.5 to 32.8 ks, are given in Table 3 . The other ACFs do not show any variability timescales or are too noisy to allow any detections of them.
Mrk 501
The TeV blazar Markarian 501 (Mrk 501; α 2000 = 16h53m52s; δ 2000 = +39
• 45 ′ 37 ′′ ), at z = 0.034, was the second extragalactic object detected at TeV energies. It was first detected at energy greater than 300 GeV by the Whipple Observatory (Quinn et al. 1996) . In 1997 Mrk 501 went into a surprisingly high state with the flux recorded up to 10 Crab at energies >1 TeV and it displayed strong VHE variability (Catanese et al. 1997; Samuelson et al. 1998; Aharonian et al. 1997 Aharonian et al. , 1999a . On 16 April 1997 the highest VHE flux (F ∼ 8.3×10 (Albert et al. 2007 ). Neronov et al. (2012) reported an orphan VHE gammaray flare in 2009 which was not accompanied by an Xray flare. In the optical band, Mrk 501 has also shown flux variability on different timescales (e.g. Gupta et al. (2008b Gupta et al. ( , 2012 Gupta et al. ( , 2016b ; Xiong et al. (2016) ). Recently, in June 2014 H.E.S.S. observed major flaring activity when the flux reached over 1 Crab and rapid flux variability was recorded at VHE (∼ 2-20 TeV) (Chakraborty et al. 2015) .
Mrk 501 was observed with NuSTAR on four occasions between 2013 April 13 and 2013 July 13 as part of an extensive multi-wavelength campaign. Data was collected from radio through optical, UV, X-ray and several gamma-ray bands, with the last two observations made as part of a target of opportunity program because of elevated states detected by other telescopes (Furniss et al. 2015) . The mean fluxes varied significantly from observation to observation and the LCs in Fig. 1b show clear IDV during the last three nights of observations. This is confirmed by the substantial values of F var given in Table 3 for those observations. The F var values in the soft and hard bands suggest greater variations in the hard band.
The soft and hard LCs of Mrk 501 are plotted in the left panels of Fig. 2d . As seen from the hardness ratio plots in the middle panels of that figure, no sig-nificant spectral changes were seen during for first observation, while for the other three observations the spectra become harder with increasing flux and softer with decreasing flux. Such spectral behaviour was also reported in other X-ray observations (e.g. Pian et al. (1998) ; Aliu et al. (2016) ). The DCF plots shown in the right panels of Fig. 2d show a positive correlation with zero lag between the soft and hard bands, except for the first observation, during which there was negligible variability. Hence for the first observation the ACF plot given in Fig. 3b is essentially noisy. While the second and third observations show clear ACFs, those data do not give any indication of a variability timescale. The ACF of the last observation, however, does indicate a possible timescale of ∼ 8.0 ks.
1ES 1959+650
The HBL 1ES 1959+650 (α 2000 = 19h59m59.8s; δ 2000 = +65
• 08 ′ 55 ′′ ) is a BL Lac object at z = 0.48 Perlman et al. (1996) ). This blazar was first detected at X-rays with the Einstein IPC Slew Survey (Elvis et al. 1992) and was further observed with ROSAT in 1996 and with BeppoSAX in 1997 (Beckmann et al. 2002) , as well as with RXTE-ARGOS, Swift and XMMNewton (Giebels et al. 2002; Tagliaferri et al. 2003; Massaro et al. 2008) .
1ES 1959+650 was observed with NuSTAR on 2014 September 17 and 22, with good exposure times of 19.61 ks and 20.34 ks, respectively. The LCs and ACFs are shown in Figs. 1b and 3b , respectively. During the first observation the flux increased dramatically over the span of 30 ks. The count rate was both lower and steadier during the second measurements. The ACF plot for the observation on 2014 September 17 does not show a timescale, while the observation on 2014 September 22 yields a noisy ACF and provides no useful information.
The soft and hard band LCs (left panels), hardness ratio plots (middle panels) and the DCF between the two energy bands (right panels) for this blazar are plotted in Fig. 2d . The hardness ratio plots reveal no spectral variations. The DCF plot for the observation on 2014 September 17 exhibits a correlation between the soft and hard bands with zero lag, while the lack of variability naturally means that no such correlation can be seen for the observation on 2014 September 22.
PKS 2155−304
The HBL PKS 2155−304 (α 2000 = 21h58m52.7s; δ 2000 = −30
• 13 ′ 18 ′′ ; z = 0.116, Falomo et al. (1993); Farina et al. (2016) ) is the brightest BL Lac object in UV to TeV energies in the southern hemisphere. It was first recognized as a TeV blazar by the Durham MK6 telescopes (Chadwick et al. 1999) . VHE flux variability on timescales of minutes was also found (Aharonian et al. 2007) . PKS 2155−304 has been observed at all wavelengths and flux variability on diverse timescales has been reported by many authors (e.g. Urry et al. (1993) ; Gaur et al. (2010); Gupta (2011); Zhang et al. (2014); Chevalier et al. (2015) ; Sandrinelli et al. (2016); Bhagwan et al. (2016) and references therein). Lachowicz et al. (2009) reported a possible ∼ 4.6 hr quasi-periodic oscillation (QPO) in an X-ray LC using XMM-Newton data.
NuSTAR observed PKS 2155−304 on nine occasions between 2012 July 8 and 2013 September 28 where the exposures ranged from 10.53 ks to 45.06 ks, as given in Table 1 . All these LCs and ACFs are plotted in Figures  1b and 3b , respectively. Although the count rates are low, a visual inspection of the LCs indicates that IDV appears to be present on at most dates. The F var values and their errors in 3-79 keV range given in Table  3 confirm that IDV was detected during 7 of the 9 observations. The F var values in soft and hard bands are also given in Table 3 
X-ray Flux Variability
One of the important features of blazar emissions at all measured wavelengths is rapid and strong flux variability on diverse timescales. By doing careful blazar variability studies we can better understand the radiation mechanisms and also get information about the size, location and structure of the emitting region (e.g. Ciprini et al. (2003) ).
The theoretical models proposed to explain the totality of intrinsic AGN variability can be coarsely classified as the relativistic-jet-based models (e.g. Marscher & Gear (1985) ; Gopal-Krishna & Wiita (1992); Marscher (2014); Calafut & Wiita (2015) and the accretion disk based models (e.g. Mangalam & Wiita (1993) ; Chakrabarti & Wiita (1993) ). In blazars, the accretion disk radiation is almost always dominated by the Doppler boosted radiation from the relativistic jets, so the accretion disk based models are generally not able to explain variability on any measurable timescales.
However, in radio-quiet quasars and for blazars in very low states, it is possible that the IDV and STV can be explained by instabilities or hot spots on the accretion disk (e.g. Mangalam & Wiita (1993) ; Chakrabarti & Wiita (1993) ) because the accretion disk flux is not swamped by the jet flux then.
The variations on LTV timescales (months to years) for blazars usually can be explained by shock-in-jet models (e.g. Marscher & Gear (1985) ; Wagner & Witzel (1995) ), in which relativistic shocks, assumed to be formed by the disturbances in the inner portion of the jet, propagate outward along the jet and produce major flux changes. Motions of the shock through a helical jet (or helical structures within the jet) can cause variations in in the Doppler boosting by changing the effective viewing angle and thus explain some LTV and STV (e.g., Camenzind & Krockenberger (1992) ; Gopal-Krishna & Wiita (1992) ). Smaller variations on STV and IDV timescales can be explained by turbulence behind the shock in the relativistic jet (e.g., Marscher (2014); Calafut & Wiita (2015) ; Pollack et al. (2016) ).
In this work, we found minimum hard X-ray variability timescales of 2.5, 8.0 and 29.6 ks for Mrk 421, Mrk 501 and PKS 2155−304, respectively. Such rapid X-ray variability timescales have been reported earlier in these sources (Cui 2004; Catanese & Sambruna 2000; Kataoka et al. 2000) . Extremely fast TeV variability timescales of a few minutes, as detected in PKS 2155−304 (Aharonian et al. 2007 ) and Mrk 501 (Albert et al. 2007 ) are even shorter than the light crossing time of the Schwarzschild radius of the supermassive black holes at the centers of these blazars. Such rapid timescales require the TeV flux emitting region to be very compact; however, the requirement that the TeV photons actually escape such a compact region without being absorbed via pair creation with the synchrotron photons implies the Lorentz factor (Γ) of the emitting region must be 50 (e.g.Gopal-Krishna et al. (2006); Begelman et al. (2008) ).There is very little other evidence for these extremely high bulk Lorentz factors in any AGN, and they appear to be even more problematical for TeV blazars because much lower values of Γ in these blazars have been inferred from the rather slow apparent motions of their radio knots made using very long baseline arrays (Piner & Edwards 2004; Giroletti et al. 2004) .
Models that involve the radio and TeV emission emitting regions having substantially different properties can avoid this apparent contradiction. For example, Ghisellini & Tavecchio (2008) proposed the "needle" model to explain fast TeV variability through the localized magneto-centrifugal acceleration of beams of electrons at small pitch angles along the magnetic field lines. Their model predicts TeV flares without simultaneous X-ray flares, and thus can explain the so called 'orphan' flares. However, during the 2013 April outburst (Figs. 1 and 4) very fast (∼ 14 minutes) hard X-ray variability is seen in the NuSTAR LCs of Mrk 421 (Paliya et al. 2015) , accompanied by variations at VHE γ − rays (Cortina & Holder 2013) . So the "needle" model fails to explain the spectacular 2013 April outburst of Mrk 421. Those flares can, however, be explained with a "jets-ina-jet" model proposed by Giannios et al. (2009) , which relies on magnetic reconnection. This model predicts rapid TeV variations along with fast X-ray variability. In this model, the relativistic outflow of material from the magnetic reconnection regions gives rise to rapid flares through synchrotron-self-Compton emission. The model also has the flexibility to produce more slowly varying flares due to multiple reconnection regions or the tearing of a large reconnection site. The presence of more slowly varying short-term flares in the complete NuSTAR LC of Mrk 421 (Fig. 4) , lends some further support to this type of "jets-in-a-jet" model, as discussed by Paliya et al. (2015) .
Assuming that the hard X-ray emission from the HBLs is mainly due to synchrotron emission, certain parameters can be estimated in a fashion that does not depend on the details of the acceleration models. We initially follow Paliya et al. (2015) and recall that the synchrotron cooling timescale, in the observer's frame, of an electron with energy E = γm e c 2 is (Zhang et al. 2002) t cool (γ) ≃ 7.74 × 10 8 (1 + z) δ B −2 γ −1 s,
where δ is the bulk Doppler factor, B is the magnetic field strength in gauss, and γ is the electron Lorentz factor. For a given magnetic field strength and electron Lorentz factor the frequency at which synchrotron emission occurs is, e.g., (Paliya et al. 2015) , ν ≡ ν 19 × 10 19 Hz ≃ 4.2 × 10 6 δ 1 + z Bγ 2 ,
where 0.08 < ν 19 < 2 for X-rays in the NuSTAR band. Combining these two equations with the physical requirement that the observed minimum variability timescale has to be larger than or equal to the synchrotron cooling timescale, we get for Mrk 421 (with our minimum t var = 2500 s and z = 0.031), B ≥ 0.35 δ −1/3 ν −1/3 19 G.
We note that this expression has different dependences on δ and ν 19 than does the one (Eq. 5) in Paliya et al. (2015) . For δ = 25, we find B ≥ 0.12ν
G, which is close to the typical value of B ∼ 0.1 G that is inferred from the SED modeling of Mrk 421. Assuming δ = 25 and B ≥ 0.12 G, we can constrain the electron Lorentz factor to γ ≤ 9 × 10 5 ν 1/2 19 . We can also estimate the characteristic size of the emitting region as R ≤ ct var δ/(1 + z) ≤ 1.8 × 10 15 cm.
Similarly, we can constrain these parameters for Mrk 501 and PKS 2155−304, where we also have reasonable observed timescales from NuSTAR data, where typical values for δ are used (Furniss et al. 2015; Kataoka et al. 2000) and where ν 19 = 1 is assumed. These are given inTable 4.
The rapid hard X-ray variability observed by NuS-TAR suggests that the relativistic electrons responsible for the hard X-ray emission of TeV HBLs must be repeatedly injected (accelerated), since the high energy electrons have short cooling timescales. The relativistic electrons are known to be accelerated at shock fronts within jets, although additional acceleration regions are possible. Diffusive shock acceleration (e.g. Blandford & Eichler (1987) ) is an electron acceleration mechanism which could be responsible for both the flux variations and the observed spectral hardening at high energies.
X-ray Spectral Variability
We examined the X-ray spectral variability of five TeV HBLs in this work using a model independent hardness ratio analysis. Although this method does not provide any direct information about the physical parameters responsible for spectral changes it is the simplest way to study the spectral variability. Given the steepness of the X-ray spectrum, which means that that the number of hard counts is significantly lower than that of the soft counts (see Fig. 2 ) it is difficult to do a more detailed spectral analysis. For two bright HSP blazars, Mrk 421 and Mrk 501, we found that the hardness ratio increases with increasing count rates, that is, their spectra become flatter with increasing flux. Such a "hardening when brightening" trend appears to be a general feature of HSP type blazars, as it was also noticed in earlier Xray observations (e.g. Pian et al. (1998); Zhang et al. (2002); Brinkmann et al. (2003) ; Ravasio et al. (2004) ). In the case of Mrk 421, we observed that the variations in hardness ratio values with time are particularly large during flares.
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